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A FR£E ™rrr; a opera,™ 

jvul t- H AJN ISM FOR A HIGH VOLTAGE CIRCUIT-BREAKER 
Background nf H.» Tn^„ f|Tm 

[01] The invention relates to an operating mechanism for a high-voltage circuit- 
breaker having a coupling device of the freewheel type between an electric motor and the 
trigger shaft of the operating mechanism, said coupling device comprising first and 
second friction members coaxially mounted along a secondary shaft, said secondary shaft 
being ratably mounted to rotate in a predetermined direction when a spring-loaded 
mechanism that acts on the device relaxes, it being possible lor die second friction 
member to freewheel about said secondary shaft in said predetermined direction at a 
speed of rotation that is lower than the speed of rotation of the secondary shaft, it also 
being possible lor said second friction member to be rotated by the motor in said 
predeternnned direction, and to become constrained to rotate with the first friction 
member so as to recock said spring-loaded mechanism. 

[02] Tn such an operating mechanism, the trigger shaft is moved by the spring which is 
a closure spring, and it moves the shaft which is a main shaft via a cam. In this way, the 
circuit-breaker is closed at the same time as an opening spring is tensioned. 
[03] in operation, the spring-loaded system is recocked after the spring has relaxed, by 
the motor rotatmg, the trigger shaft turning in the same predetermined direction or 
rotation when it is driven by the motor and when it is driven by the spring-loaded 
mechanism. The freewheel-type coupling device is designed such that the spring-loaded 
mechanism relaxing and thereby rotating the trigger shaft does not rotate the motor, 
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which would slow down the speed of the trigger shaft, and thereby reduce the 
effectiveness of the operating mechanism. 

[04] In known operating mechanisms, the coupling device is generally implemented 
with a conventional freewheel, such as, for example, in Patenf^^pIieatioB 
^5 1 762 071 U.S. Patent 4,762,971 . In that paten t application , the two friction members 
are formed by two coaxial rings between which balls are disposed. More particularly, the 
first friction member is a small-diameter ring which is mounted in fixed manner on the 
shaft, and the second friction member is a larger-diameter ring surrounding the first ring, 
as in the general configuration of a conventional ball bearing. Each ball is oval in shape 
and is held in a certain angular position by a spring so as to be continuously in abutment 
against both friction members. Depending on the direction of relative rotation of the 
friction members formed by the rings, the balls tend to be braced between the two rings 
to couple the device, or else to allow the rings to slide to decouple the device. 
[05J With that construction, regular maintenance of the operating mechanism is 
necessary for it to operate properly. Proper operation of such a device depends to a large 
extent on greasing: under-greasing can lead to wear and to the device binding, which 
slows down the circuit-breaker closure operation, while over-greasing reduces the torque 
that can be transmitted through the device, which prevents the motor from tensioning the 
closure spring fully. In addition, the high pressure to which the balls and their tracks 
subjected makes it essential to use components that are of high quality and that are 
precision manufactured, which leads to a manufacturing cost that is high. Those 
elements are very sensitive to overloading, even overloading for a short time. 
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Summary of the Invention 

[06] An object of the invention is to improve existing operating mechanisms by 
providing a frccwheel-lypc coupling device requiring no maintenance between the motor 
and the trigger shaft. 

[07] To this end, the invention provides an operating mechanism for a high-voltagc 
circuit-breaker as- dft f inod in ola iiii 1 comprising g r o unling device (A^ of the fre swh^l 
type disposed hetw cer^rjgger Ithm^fMs®**^ 

motor (MX th« goupjjng ^ mrrHn( . g n , T t fj iciion member (5) linked in motion 

with the trigger shaft and a s ft ™nd Krti™ -i°mher (6) linked in motion with ihe 
electrical mom.- *»y f p >„»» mgmbgrg hrinp rn w iallv mounted on a secondary shaft £tj 
sojhat^jensaid sec^d^hMrolalesin ajredctermine d direction <T» wjicn_aj BL i ng - 
loadcd mechanism that actg on Ihe device relaxes, it jg DOSSI bl e for the 
m ember (6) to freewheel about .said secondary sh a ft (1 ) in said pr ede termined dirarrinn 
mi_at a speed of rotation thai ■« lowgrtijan the T - rd of rotation of th e secondary shaft 
Q), it also beinft possible for sai d Sec o nd friction member (6^ to be rotat e d by the motor 
in said predetermined direction, and to become constraint tn m tate with the. tW faVt;^ 
member (5) so as to recoek said spring-loaded m echanism, wherein: said first faVtmn 
member (5) has an on ter surfa ce < y ) of corneal shape and comprises a central horc 
scrgwedo nto said secon dary sh aft Q ) . the second friction mnmh e r (6) comp rise „ 
peripheral set of teeth (12) meshing with th* ™t«r drive shaft and a central hore with »« 
inner conica l surface f<5') which substantially surrounds t he outer conic a l surface (5M o f 
said first friction member, said first and second fri ction memhers h e j ng designed so th»i 
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ums&S&imuaBltotiutimf. for being mtn* over a short axial stroke along the 

secondary shaft cither by heW screwed wh Pn ft K BCOmes congtrained ^ rota ith the 

s econd friction member (6) or bv being nnsr^ d when said m em h.r fr^wi. a K„. rt 

said second,™ eh ,ft f i } - inr1 - rrnni1 fi ;, ,j ^ , ( - , „ | 

continuously snbstantinllv in ^ni 1 ^, nf n Mffl r n|]irr lT|||||| ^ , ^ 

01 said first friction member (5) is suitable, for acting when it is screwed to exert * 
r^ssureoiisaid second friction mcmherJ61and said second fricti on m.mWff^ 
suitable for acting under the a ffer.t of r ~ 0 o,.~ & niT - an axial ahjdffignj f »> 

Oft the secondary shaft (1 ) so as to sto p said first friction m cmh.r ( 5) moving by, bejog 

screwed, and *n ag to rotate gajrj secondary ghaftJa inj te with said first 

fric tion member (5) . 

Brief Desc ription of the Drawings 

[08] The invention is described in more detail below and with reference to the 
accompanying drawing which shows an embodiment of the invention byway of non- 
limiting example. 

[09] The figure 1 is a view in section of an embodiment of the coupling device ofthe 
freewheel type ofthe invention. 

[10] The figure 2 is a view in section of an other embodiment of the coupling device of 
the freewheel type ofthe invention. 
Detailed Description ofthe Invention 

[11] Tn the example shown in the-figure 1 , a coupling device A ofthe freewheel type 
comprises a s^ondary^haft 1 mounted to rotate on a spring-loaded operating mechanism 
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frame 2 by means of two ball bearings 3 and 4. One of the ends of the shaft 1 is provided 
with a cog 1' which is constrained to move with an operating mechanism trigger shaft 
(not shownbyhich serves as a primary shaft First and second friction members 5 and 6 
are mounted on the shaft 1 so as to surround it coaxially while being in abutment one 
against the other along said secondary shaft 1 The second friction member 6 is 
constrained to move with a motor (not shown) for the purpose of recocking the operating 
mechanism by causing its trigger shaft to turn via the coupling device A. More 
particularly, the first friction member 5 is screwed onto a thread F formed on the shaft 1, 
and the second friction member 6 is mounted between the first friction member 5_and an 
axial abutment 7_on the shaft whi le being free to turn relative to the shaft. In the example 
in tbe-figurej., the two friction members 5 and 6 arc substantially in abutment one against 
the other at contact surfaces 5' and 6' which, in this example have complementary corneal 
shapes. The axial abutment comprises a ball-bearing abutment 7 which surrounds the 
shaft 1 while being in abuhnenl against a shoulder 8 provided on said shaft. The ball- 
bearing abutment 7 serves to reduce the friction between the second friction member 6 
and the shaft I to reduce the resistive torque of the device when it is in a decoupled state 
(or "freewheel" state). As is known from the state of the art, such an abutment comprises 
two rings 7a, 7c having substantially identical diameters, surrounding the shaft 1, and 
spaced apart along it by being separated by balls 7b. For example, one of the rings 7c 
may be interference fitted on the shaft, and the other ring 7a is free to turn about the shaft, 
even if a large axial force is applied to it. In the example shown in the figure, the ball- 
bearing abutment 7 shown could also be a ring interference fitted on the shaft and made 
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of a material having a low coefficient of friction so lhat the second friction member 6 is 
free to rotate about the shaft in spile of the contact axial pressure that it exerts on the ring. 
[12] In the invention, associating these two friction members 5 and 6 with the shaft 1 
forms a coupling device of the freewheel type: the first friction member moves along the 
shaft 1 over a short stroke by being screwed or unscrewed along the shaft depending on 
whether it is respectively rotated by the second friction member to be coupled to the shaft, 
or decoupled from the shaft when said second fricO^member has resistive torque 
relative to the shaft. 

[13] Starting from a decoupled state of the device, when the second friction member 6 
is rotated in the predetermined direction indicated by D in the-figurc_l, it rotates the first 
fnction rncmber 5 by friction. The first friction member 5 is then screwed along the shaft 
so as to exert axial pressure on the second fnctionmember 6 which is in abutment against 
the axial abutment. The second friction member 6 then prevents the first friction member 
5 from moving, thereby increasing the contact pressure and thus the friction between the 
two members so that said members become, at a certain lime, constrained to rotate with 
each other. In this situation, the second friction member then Totates the shaft 1 via the 
first friction member, which corresponds to the device being in a coupled state. 
[ 1 4] When the device is in a coupled stale, the second friction member 6 exerts drive 
torque on the shaft 1 by being rotated by a drive member (not shown), and the shaft is 
thus rotated by the second friction member in the predetermined direction D. Starting 
from this state, if the second fri ction member »6 ceases to exert drive torque, and exerts 
resistive torque resisting rotation of the shaft, said second friction member tends, by 
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friction, to unscrew the first friction member 5 along the shaft. This moves the second 
frjction_member away from the first Action member to some extent axially, thereby 
reducing the contact pressure between the two friction members, so that they 
longer constrained to rotate together. This corresponds to the device being 
decoupled state in which the second friction member freewheels about the shaft 1 . 
[1 5] More particularly, the device is organized so that the stroke of the first friction 
member 5 along the shall I is as short as possible so that it remains continuously 
substantially in abutment against the second friction member 6. Thus, the coupling and 
decoupling states are facilitated by the continuous presence of a small minimum amount 
of friction torque between the two members. When in the decoupled state, the device 
leaves the second friction member free to turn about said shaft in said predetermined 
direction D at a rotation speed lower than the rotation speed of the shaft. 
[16] Unlike existing freewheel mechanisms, such as ball-bearing free wheels, greasing 
is unnecessary because the coupling functions are performed by friction members that are 
expected to have a high coefficient of friction. Advantageously, the first and second 
friction members ^havc contact surfaces 5 1 and 6" made of materials suitable for 
having coefficients of friction that arc sufficiently high. As is known from the state of 
the art, the pair of materials chosen may, for example, be the steel-on-stccl pair or the 
, sleel-on-plastic pair. 

[17] For example, the contact surfaces 5' and 6' of the two friction members may be 
chosen to form disks that extend perpendicularly to the shaft, as in a clutch, or they may 
have other shapes. In the example shown in theso4e-figu re _L the friction surfaces 5' and 
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6' have complementary conical surfaces, which makes it possible to adjust the value of 
the slope of the cone as a function of the coefficient of friction of the two friction 
surfaces 5' and 6'. More particularly, for any given coefficient of friction, a steeper cone 
facilitates high torque being transmitted by the device of the invention. 
[18] As shown iu the-figure 1 , the fixstfriction member 5 has a convexly conical 
overall shape, with a threaded central bore that is screwed onto the thread F on the shaft. 
The second friction member 6 is provided with a central conical bore which fonns the. 
contact surface &. An additional advantage procured by complementary conical contact 
surfaces 5' and 6' is that an assembly configuration is implemented in which the second 
friction member substantially suirounds the first friction member. Thus, the second 
friction member is ccnLered on the shall via the first friction member, so that it is not 
necessary to provide a ball bearing or a centering device, thereby significantly reducing 
the cost of the operating mechanism of the invention. More particularly, when the device 
A is coupled, ihe second friction member 6 is compressed between the conical surface 5' 
of the first friction member and the axial abutment 7, which centers it accurately relative 
to the shaft 1. When the device is decoupled, the first friction member 5 is spaced apart 
to some extent from the axial abutment 7 so that the second friction member 6 is held 
between the cone 5' and the axial abutment 7, with a small amount of axial operating 
clearance, hi this situation, the second friction member 6 is free to rotate by sliding on 
the conical surface 5' by means of said small amount of axial operating clearance. The 
peripheral surface of the first friction member may advantageously be provided with 
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peripheral grooves 5" serving to absorb any dust generated by the contact surfaces 5' and 
6' of the two friction members 5 and 6 rubbing together. 

119] In the invention, the first friction members, which is screwed onto the shall 1 has 
its axial stroke limited by another axial abutment 9 on the shaft 1 so as to reduce its 
stekestroJis along the shaft when the device is decoupled. Advantageously, a helical 
spring 10 is mounted between said other abutment 9 and the first friction member 5 so as 
to hold the first and second friction members 5 and 6 always substantially in abutment 
one against the other even when the device is decoupled. The axial operating clearance 
of the second friction member is thus reduced to as small as possible, so that the device is 
capable of re-coupling rapidly, which improves its operating reliability. More 
particularly, in the example shown in Ae-figurcX the other axial abutment 9 is made up 
of a spring clip mounted around a peripheral groove in the shaft 1, and the spring 10 is 
mounted on two bushings 1 1 which surround the shaft 1 while being disposed between 
the spring clip and the first friction member 5. 

[20] In order to improve the operating reliability still further, the thread F is formed 
with a pitch of large magnitude. Advantageously, the pitch of the thread F is large 
enough to form a reversible helical coupling so that the spring continuously presses the 
first friction member substantially into abutment against the second friction member. 
The value of the pitch may be chosen to be close to the value of the diameter of the shaft 
1 at the thread, optionally with a plurality of starts. More particularly, tests have shown 
that, with a four-slart thread F with a pitch of 20 mm per turn, the device is coupled under 
optimum conditions. 
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[21] In the example shown in the-figure 1 f the second friction member 6 is provided 
with a peripheral set of teeth 12 with which a drive shaft cog (not shown) is meshed, so 
that said second friction member 6_is constrained to move with the motor directly. In this 
example, the coupling device A is constrained to move with the trigger shaft (not shown) 
via the cog 1' mounted at the end of the shaft 1 . The first friction member 5 may also be 
provided with a peripheral set of teeth constrained to move with the trigger shaft (not 
shown in this cxamplcl so as to act directly as the cog 1 ' in the example shown in the 
figure I . 

[22] In ihe embodiment of figure 2, the coupling device of the freewheel type 
comprises a conical ring 13 disposed between conical contact surfaces 5\6' ofthe two 
J&'iction members 5 and 6. This conical ring 13 is made with a material, as a polyamide 
reinforced with glass fiher 7 having good characteristics for absorbing mechanical shocks 
happening in the coupling device between the motor shaft represented in that figure by a 
block M and the trigger shaft indicated by AC. This conical ring 13 contributes thus to 
reduce the operating noise ofthe coupling device with respect to the operating device 
shown in figure 1 where the complementary conical surfaces 5\6* ofthe two friction 
members are directly in contact one with the other. As shown in figure 2, the inner 
surface of the conical ring 1 3 which is in contact with the friction conical surface 5' 
(having or not having peripheral grooves 5") ofthe friction member 5 and the outer 
surface of the conical ring 13 which is in contact with the friction conical surface 6 s of 
the friction member 6 are tilted so as the conical ring 13 is hold in place between the two 



10 



PAGE 38/39 * RCVD AT 5/26/2005 5:49:02 PM [Eastern Daylight rime] * SVR:USPT0-EFXRF-1/1 * DNIS:872930S * CSID:2022937860 * DURATION (mm-ss):10-16 



05/26/2005 16:58 FAX 2022937860 SUGHRUE MION PLLC 



1)039/039 



conical surfaces 5 ',6' by the action of axially forces exerted by the friction elements 5 
and 6, 
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